Abstract. Airborne particles were analysed with aim to distinguish emissions from different sources -coal combustion in large power plants, local heating and transport. Emissions from large facilities were sampled for comparison. Samples of particles collected on filters were analysed by pyrolysis gas chromatography with mass spectrometric detection. Organic substancesgeochemical and anthropogenic markers and their diagnostic ratios were determined for particles of size under 1µm in ambient concentrations and particles of size under 2.5 µm in emissions. The results obtained in the industrial city of Ostrava, Czech Republic, showed that the diagnostic ratios-toluene/benzene, pristane/phytane, and undifferentiated/differentiated alkanes can be effectively applied to distinguish the origin of emissions.
Introduction
Ostrava is an important industrial and commercial centre of the Moravian-Silesian Region. In terms of its developed industrial activity, Ostrava belongs among the major industrial cities of the Czech Republic. Air in Ostrava is among the most polluted in Central Europe. Air pollution in Ostrava is caused by various industrial facilities, transportation, long-range transport of pollutants, local heating with predominant fossil fuels based on coal. The industrial sector, which intensively developed within the city from the 19th century with the emerging coal mining, includes coking plants, chemical industry, mechanical engineering and metallurgical industry and coal-fired power plants. It is accompanied by a business activity with intensive transport. In addition to the above mentioned active sources of pollution, there are old environmental burdens in the Ostrava area, which significantly contribute to the deterioration of air quality. All the above mentioned anthropic activities produce primary and secondary organic and inorganic aerosols with high content of fine and ultrafine particles (PM 1 , PM 2.5 ) especially dangerous for health. The organic matter contained in PM (Particulate Matter) particles allows the identification of pollution sources and tracking the fate of contaminants in the environment [1] .This is due to the "genetic" relationship between resulting contaminant and the parent matrix, from which the contaminant was released. Substances that have this relationship are referred to as molecular (geochemical) markers [2] . Pollutants that are produced by specific anthropogenic activities are referred to as anthropogenic molecular markers. Anthropogenic and geochemical markers and their diagnostic ratios allow the identification of sources of pollution in the environment. Anthropogenic and geochemical markers were applied to assess the identification of sources of pollution produced by transportation and combustion of coal in ultra-fine particles (PM 1 ) within the three most polluted sites in Ostrava (Radvanice, Poruba, MarianskéHory).
Materials and Methods

Characteristics of Sampling Sites, Sampling System
Sampling sites include the municipal city districts of Ostrava -Radvanice, MarianskéHory and Poruba. Sampling points for PM 1 particles are shown in Figure 1 . Ostrava -Radvaniceis among the urban industrial agglomerations that are affected by the presence of industrial pollution (ferrous metallurgy -Arcelor Mittal complex), processing of coal -coking plant Arcelor Mittal, steel and mechanical engineering production -EVRAZ Vítkovice Steel, Třineckéželezárny (Třinec ironworks) -OstravaVítkovice, chemical industry -BorsodChem) and household combustion with a predominance of local furnaces that burn fossil fuels (coal), biofuels and waste. Ostrava MarianskéHoryis among the urban districts strongly influenced by transport, industrial activities (the incinerator SITTA CZ a.s., chemical industry BorsodChemMCHZ s.r.o., Dukol s.r.o., production and distribution of electricity -DalkiaČR, light industry) and emissions from nearby ecological burdens (lagoonOstramo, coking plant Jan Šverma). Ostrava Porubais among the districts that are affected mainly by emissions from transport. It is an urban residential area with predominant business activity. As far as industrial pollution is concerned, Ostrava Poruba may be affected by remote transport of emissions from the power plant Třebovice and the surrounding areas.
Sampling-samples of PM 1 particles were collected by the Health Institute in Ostrava (ZUOVA) in the municipal city districts Ostrava -Radvanice, MarianskéHory (Fig. 1) . Sampling was conducted at each point for 24 hours using the high-volume sampler Digittel MD 05. Sampling was conducted in the following time periods: winter 2013, summer 2014, autumn 2014 and winter 2014. PM 2.5 emissions from industrial combustion of coal and local heating were collected by TESO Company.
Methods
Organic composition of PM 1 and PM 2.5 samples was determined by GC/MS and py-GC/MS (pyrolysis gas chromatography with mass spectrometric detection.
Results
For the determination of sources of contamination in air pollution, geochemical and anthropogenic markers and diagnostic ratios were applied, which include benzene/toluene [3] .toluene/benzene [4] , pristane/phytane [5, 6] , and C 31 S/C 31 (S+R) defined byOros and Simoneit, 2000 [7] .
Transport emissions were identified on the basis of the ratio of toluene/benzene -T/B [4] , for all the samples during summer and autumn 2014. The only exception is Radvanice, where the emissions of toluene result from industrial activities in the summer season, and from combustion in the winter season. The ratio T/B (toluene/benzene) enables identification of industrial combustion of coal and combustion in domestic furnaces. Domestic furnaces are characterized by the value of the T/B ratio from 0.48 to 0.82, while industrial combustion ranges from 0.84 to 0.98 [8] . Industrial combustion was identified in winter samples -Radvanice (2013) and Poruba (2013 Poruba ( , 2014 . In the locality of Radvanice, a major industrial source is energy industry and the coking plant Arcelor Mittal. In the locality of Poruba, emissions come from the nearby power plant Třebovice (Dalkia). In winter period of 2014, in the municipal city district Ostrava-Radvanice, the combustion of coal in local heatingprevails (T/B = 0.75) over industrial combustion. An important marker for combustion of biofuels and fossil fuels is benzene. Benzene and the remaining compounds from the BTEX group can also be produced by transport. For the combustion of coal-based fossil fuels, the ratio benzene/toluene -B/T˃1 applies Fabbri et al.2012 [3] , emissions from transport have B/T=0.22-0.74 [9, 10] . As for the analysed air pollution samples ofPM 1 particles, the combustion of fossil fuels (coal) was confirmed for all samples from the winter season of 2013 and 2014, and for a sample collected in Ostrava-Radvaniceduring the autumn season (Table 1) . A strong influence of transport was identified in PM 1 in MarianskéHory (autumn 2014). The rest of the air pollution samples ofPM 1 particles in different municipal city districts (summer and autumn 2014) show predominance of benzene emissions and toluene from transport. An exception in the whole analysed period is a summer sample from Radvanice, wherein the B/T ratio is 0.05. This low value of the ratio indicates the impact of industrial emissions.
From molecular markers to distinguish between emissions from fossil fuel combustion and from transport, hopanes and isoprenoid hydrocarbons were applied. From the ratios of hopanoid hydro carbons [7] the ratio C 31 S/C 31 (S+R)=22S-17α(H),21β(H)-homohopan/(22S-17α(H),21β(H)-homohopane + 22R-17α(H),21β(H)-homohopane) was applied. The range of the ratio for each of the fossil fuels is presented by Rushdi and Simoneit, 2002 [11] , [5, 7] .The values of the ratioC 31 S/C 31 (S+R) for the pollutants PM 1 are shown in Table 2 . Source  IC  T  IC  T  T  T LH  T  T 
LH T IC Explanatory notes: IC -industrial combustion, T -transport, LH -local heating.
It is evident that industrial coal combustion occurs in Radvanice (winter 2013) and Poruba (winter 2013, 2014). The remaining pollutants include emissions from transport. The confirmation of coal combustion in the localities Poruba and Radvanice was performed using a specific markeraromatic hydrocarbon picene [12] , which is bound to the emissions from combustion of coal.
Of the isoprenoid hydrocarbons,the diagnostic ratio between pristane and phytane -Pr/Ph was applied. Pristane and phytane are included in lubricating oils, crude oil, diesel fuel and exhaust fumes [5] , but they can also be contained in emissions from coal combustion. Distinguishing the origin of pristine and phytane is possible on the basis of the Pr/Phratio [5, 6] . In the analysed samples ofpollutants, based on the ratio Pr/Ph > 1, coal combustion was found in OstravaRadvanice and Poruba (winter 2013), Ostrava -Radvanice (autumn 2014), Ostrava -Radvanice and Poruba (winter 2014). The remaining pollutants originate from the combustion of petroleum products.
Another parameter that can be applied to distinguish the source of emissions [13] is the CPI Index (Carbon Preference Index). The CPI index was applied to distinguish the origin of alkanes in PM 1 particles. Throughout the analysed group except for the summer and part of the autumn period, the value of the CPI Index is around 1. The values of the CPI ~ 1 indicate emissions from transport [6] , but they may also indicate emissions from burning coal CPI=1-1.2 [7] . The indicating value of the CPI=1 only makes it possible to distinguish biogenic and fossil alkanes, but it does not allow distinguishing emissions from coal combustion from transport emissions. For this reason, the UCM/RA ratio was applied. UCM represents so called undifferentiated complex mixture of alkanes, RA represents so called differentiated alkanes. The UCM/RA value for petroleum products derived from transport is greater than 4, and for coal combustion, UCM/RA = 2.9 [5] . The UCM/RA ratios are shown in Table 3 . The results of the UCM/RA ratio are in accordance with the Pr/Phratio. The occurrence of UCM and isoprenoid hydrocarbons pristane and phytane [6] indicates the direct input of substances in a sample derived from oil and its products. UCM in aerosol of PM particles generally indicates inputs of lubricant fumes from combustion engines of automobiles [5] . For the samples OstravaRadvanice and Poruba (winter 2013, 2014) and Ostrava -Radvanice (autumn 2014), a lower value of the UCM/RA ration was found, which corresponds to coal combustion.
To verify the presence of industrial emissions in PM 1 pollutants, the diagnostic ratios B/T, T/B, Pr/Ph and C 31 S/(C 31 S+C 31 R) were tested for PM 2.5 emissions from industrial combustion of coal (the power plant Dalkia Ostrava Třebovice and Dětmarovice). The values of the diagnostic ratios for emissions are presented in Table 4 . The values of the B/T ratio are higher than 1 (B/T = 1.48 -1.97) for all emissions from the industrial sources, which is confirmed by the range of B/T stated by Fabbri et al.2012 [3] .The values of theT/B ratio detected for emissions from industrial combustion (Table 3 ) are contrary to the values indicated by Liu and Yao, 2008[8] . This may be due to the chemical composition of fuel and the combustion technology. The value of theB/T and T/B ratio was also monitored in emissions from local heating. Emissions from lignite provide lower values of the B/T ratio (0.87) compared to Liu and Yao, 2008 [8] .Lower values of the ratios may result from lower combustion temperatures and prevailing smouldering, during which less benzene is released. It is evident from the table that industrial combustion of coal in the emissions of PM 2.5 particles is characterized by the C 31 S/(C 31 S+C 31 R)homohopane index value ranging from 0.69 to 0.81. Combustion of coal in local heating has theC 31 S/(C 31 S+C 31 R) index value around 0.52 [7] .
The values of the individual homohopane indexes in Tables 2 and 4 show that industrial combustion of coal affects the composition of air pollution in Ostrava -Radvanice and Poruba. Similarly, using the homohopane index can confirm the influence of coal combustion in local heating (Table 2 ) on the composition of air pollution in Radvanice (autumn and winter 2014). Air pollution fromMarianskéHory have the C 31 S/C 31 (S+R) ratio value at the limit point (0.57), which is a transit point for emissions from transport and coal. The Pr/Phratio values are within the normal range for emissions from coal combustion [7, 14] , unfortunately, the values cannot be used to differentiate emissions from industrial emissions from local heating.
Summary
Ostrava and its municipal city districts are characterized by the combined use of different energy sources, which significantly complicates the situation in determining the source of the emissions. Due to the use of different sources, some of the diagnostic ratios of the markers were analysed directly in the emissions from industrial and domestic sources of pollution. The analysis showed that the diagnostic ratios,the T/B, Pr/Ph, UCM/RA ratio can be very effectively applied to distinguish the origin of emissions contained in air pollution.
